Supplementary Information
Classical trajectory simulations were employed to obtain insight into the NaOH + H collision dynamics. The simulations were carried out using the Born-Oppenheimer Molecular Dynamics (BOMD) method 1, 2 at the MP2-B3LYP/6-311+G(2d,p)level of theory 3 as implemented in the Gaussian 09 suite of programs. 3 Over 700 trajectories were run at a single collision energy, namely kBT at T = 300 K, and with NaOH initially at its linear equilibrium geometry (rNaO = 1.975 Å; rOH = 0.957 Å). The BOMD trajectory steps used fully converged self-consistent field (SCF) results.
Other than the collision energy, three parameters were used to specify the initial conditions for each trajectory. The first parameter was , the angle between v0 and r0, the vectors specifying the initial relative velocity of the reactants (v0) and the initial orientation of the Na-O-H axis (r0). The former was taken to point from H to the center of mass of NaOH, the latter from the H end to the Na end of NaOH. We used five different values for . The second parameter used to specify initial conditions was , the distance between r0 and the plane, parallel to r0, containing v0. The parameter determined how off-center was the initial H-NaOH approach. It was varied from 0 to values large enough for the H-NaOH interaction to become entirely negligible.
The third initial conditions parameter, , was needed only when the initial attack was not head-on (i.e., with , , or ). It specified the initial target point -the point where the incoming atom would come closest to r0, or cross it, if there were no atom-molecule interactions. It was varied from values between the Na-end and the H-end of NaOH to values beyond the NaOH ends that were far enough for the H-NaOH interaction to become entirely negligible. of and associated with at least one reactive trajectory). 3 As indicated on Fig. S1 , we found that head-on attack -in other terms, collinear collision geometries -is not conducive to reactivity. Indeed, only one of the trajectories involving head-on attack (not all are shown on Fig. S1 ) was found to result in reaction. This is consistent with the fact that, unless significantly off-centre, collinear approach leads to an energy barrier (see Fig. 4 of the article) and H-NaOH repulsion. In the one trajectory that did lead to reaction (see Movie 1), the value is "just right" (at the collision energy used in our simulations) to allow for capture of the incoming H atom in the potential energy well perpendicular to the NaOH axis (see Fig. 4 of the article). The other collinear collisions have led either to H rebound from the repulsive potential near the NaOH ends or to deflection without capture.
The comments above suggest that reactivity should increase for side-on collisions. Our simulations provided further evidence for this, but also revealed the following. First, that sideon or approximately side-on attack is not strongly conducive to reaction. We found that capture of the incoming H atom is a necessary step for reaction; when the visit of the incoming atom to the energy well was brief, involving a succession of bounces off its outer walls but no proximity to the Na-O axis, the trajectory turned out to be inelastic. H atom capture being subject to significant steric hindrance, reactivity is low.
Another interesting observation was that H atom capture leads to an H-NaOH complex with high vibrational excitation. This complex can be very long lived, but it is very unlikely to break into NaOH + H. None of our trajectories resulted in H-atom exchange, and in all trajectories
where the H-NaOH complex was clearly formed, dissociation was into Na + H2O, sometimes after a number of wide-amplitude Na-OH2 vibrations (see Movie 2, in which the H-NaOH complex survives for about 2 ps, for an example). In inelastic trajectories, the H atom either rebounded quickly, or else visited only the outer parts of the potential energy well. This reinforces the idea that the aforementioned steric constraints are the main deterrents to reactivity.
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For each value of , the NaOH + H Na + H2O reaction cross section was estimated as the area of the region, in a plane transverse to v0 (that is, a plane perpendicular to the H-NaOH approach direction), which the incoming H atom must hit for reaction to occur. In the collinear cases, or , we found this area to be vanishingly small (see discussion above). In the other cases, the estimate started with consideration of the results in Figs. S2a-c. These figures are similar to Fig. 1 , except that each of them includes results associated with a particular value (respectively, , and ). In the case (Fig. S2b) , the shaded region is already in the plane transverse to v0; its area, 14.7 Å 2 , is our estimate for the reaction cross section at . In the and cases (Figs.
S2a and S2c, respectively) the plane of the figure is not the plane transverse to v0. To estimate the corresponding reaction cross sections, the areas of the shaded regions must be multiplied by a geometric correction factor, sin sin . The results are 9.7 Å 2 for
, and 12.3 Å 2 for .
Averaging over the five values, we arrive at the estimate for the reaction cross section quoted in the article: 7 Å 2 .
